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LIQUID COOLING HEAT EXCHANGLEL
APPARATUS FOR MEMORY MODULES

RELATED APPLICATIONS

The application claims the benefit of priority to Taiwan

application no. 109133935, filed on Sep. 29, 2020, of which
1s incorporated herein by reference in its entirety.

TECHNICAL FIELD

Example embodiments relate generally to the field of heat
transfer and, more particularly, to liquid cooling heat
exchange apparatuses for cooling memory modules.

BACKGROUND

Cooling for electronic devices, for example, closely
spaced electronic circuit cards such as dual in-line memory
modules (DIMMSs), has traditionally been accomplished by
circulating air parallel to the cards. However, with increased
functionality and applicability of the electronic devices,
power requirements have increased and cooling using air
have been become 1mnadequate. Even with the addition of flat
metal heat sinks mounted to heat sources of the cards,
cooling using air has still proven to be msuthicient in meeting
the cooling requirements of the more powertul heat produc-
ing electronic devices.

Alternative cooling methods include using metal heat
pipes within a liquid cooling system. However, these sys-
tems are heavier, and given the space limitations between the
clectronic circuit cards, these systems are also often propri-
ctary. Proprietary systems are more costly to purchase, and
time and costs for maintenance and repair are also higher.
Metal heat pipes are rigid, and may often damage the cards.
Also, within these systems, thermal interface material (TIM)
such as thermal grease or paste 1s typically used to contact
with the heat sources of the cards. The thermal paste makes
it nconvenient for maintenance or repair in the field,
increasing time and costs, and increasing possible damage to
the cards, which decreases device reliability and increases
device crashes by overheating. This 1s also true for another
type ol TIM such as thermal pads with adhesives. Also,
thermal pads generally have lower heat conductivity com-
pared to the thermal paste.

SUMMARY

In an embodiment, a liquid cooling heat exchange appa-
ratus for memory modules configured to be tflow through by
a working fluid, comprising a thermal conduction assembly,
a fasteming assembly, a first working fluid splitter, and a
second working fluid splitter 1s provided. The thermal con-
duction assembly 1s configured to be mounted on the
memory modules. The thermal conduction assembly com-
prises a pair of flat flexible conduits, mutually opposing,
parallel, and spaced apart, each, comprising at least one fluid
passageway having an inlet end and an outlet end. The at
least one fluid passageway 1s configured to be flow through
by the working fluid. Each of the inlet ends and each of the
outlet ends are on a same end. The pair of flat flexible
conduits 1s 1n thermal contact with the memory modules.
The fastening assembly comprises at least one securing
apparatus configured to secure the thermal conduction
assembly to the memory modules. The first and second
working fluid splitters 1s configured to contain and transport
the working tluid. The first working fluid splitter comprises
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2

a first container body, a first conduit connector, and a first
flow through opening. The first conduit connector has a pair
of first connector extensions, extending outwardly from the
first container body and 1s in communication therewith. The
second working fluid splitter comprises a second container
body, a second conduit connector, and a second flow through
opening. The second conduit connector has a pair of second
connector extensions, extending outwardly from the second
container body and 1s in communication therewith. Each of
the inlet ends 1s mounted to the pair of first connector
extensions and each of the outlet ends 1s mounted to the pair
ol second connector extensions.

During operation, working fluid travels into the first
container body through the first flow through opening and
out thereof through the pair of first connector extensions,
and into the second container body through the pair of
second connector extensions and out thereof through the
second flow through opening. The pair of flat flexible
conduits 1s 1n thermal contact with heat producing chips of
the memory modules, thermally coupling the first working
fluuid splitter with the second working fluid splitter for
transierring heat from the heat producing chips. Each of the
at least one tluid passageway 1s expandable.

In some embodiments, the thermal conduction assembly
further comprises a pair of cooling spreaders, mutually
opposing, parallel, and spaced apart. Each of the pair of
cooling spreaders comprises a first side edge, a second side
edge, opposite the first side edge, a pair of first spreader
through holes disposed near to the first side edge, and a pair
of second spreader through holes disposed near to the
second side edge. Each of the pair of first spreader through
holes and each of the pair of second spreader through holes
have a spreader diameter, Each of the pair of cooling
spreaders has a spreader width larger than that of a conduit
width of each of the pair of flat flexible conduaits.

During operation, each of the pair of cooling spreaders 1s
in thermal contact with each of the pair of flat flexible
conduits, opposite the heat producing chips and 1s a part of
the thermal conduction assembly, transferring heat from the
pair of flat flexible conduits, whereby heat from the heat
producing chips 1s transferred to the thermal conduction
assembly.

In certain embodiments, the at least one securing appa-
ratus comprises a pair of clamping systems, each, mounted
through the pair of first spreader through holes and pair of
second spreader through holes. Each of the pair of clamping
systems comprises a tail bar, a head bar, and a pair of rods.
The tail bar has a pair of attachment through holes, each of
the pair of attachment through holes have a tail bar diameter,
wherein the tail bar diameter 1s the same as the spreader
diameter. The head bar has a side clamp comprising a cam
wheel and a handle, and a pair of attachment openings. The
side clamp 1s disposed between the pair of attachment
openings. Each of the pair of attachment openings have a
head bar diameter, wherein the head bar diameter 1s the same
as the tail bar and spreader diameters. The pair of rods, each,
have a tail end comprising a head and a head end having a
removable stop lock, and a rod diameter. The rod diameter
1s smaller than the tail bar, head bar and spreader diameter.
Each of the pair of rods 1s configured to be mounted through
cach of the pair of attachment through holes, each of the pair
of first and second cooling spreader through holes and each
of the pair of attachment openings via the head end. An outer
circumierence surface of each of the pair of rods 1s mounted
flush with inner circumierence surfaces of the pair of attach-
ment through holes, pair of attachment opemings and par of
first spreader through holes or pair of second spreader
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through holes. The thermal conduction assembly 1s mounted
on the memory modules and securely clamped thereto by
rotating the cam wheel. The cam wheel, when rotated, 1s
biased to exert pressure on the thermal conduction assembly
when 1n a locked position, simultancously producing a
positive down force.

In certain embodiments, the at least one securing appa-
ratus comprises a U-rail and a guide. The U-rail 1s integrally
tformed within each of the pair of cooling spreaders, longi-
tudinally, facing the pair of flat flexible conduits. The guide
1s integrally formed on each of the pair of flat flexible
conduits, longitudinally, opposite the memory modules. The
guide 1s configured to mechanically mate with the U-rail.

In some embodiments, the amount of the memory mod-
ules 1s one or greater and the amount of the pair of flat
flexible conduits 1s one pair or greater. In certain embodi-
ments, the amount of the memory modules 1s one or greater,
the amount of the pair of flat flexible conduits 1s one pair or
greater and the amount of the pair of cooling spreaders 1s one
pair or greater.

In some embodiments, each of the memory modules
turther comprise a circuit board having a card edge having
a plurality of electrical contacts, and the heat producing
chips comprise a plurality of memory chips securely
mounted to opposing faces of the circuit board. The plurality
of electrical contacts 1s connected to the plurality of memory
chips and the card edge 1s configured to be mounted to a
circuit board of an electric or electronic device. The pair of
flat flexible conduits 1s 1 thermal contact with the plurality
of memory chips.

In some embodiments, the working fluid circulates
through the first working fluid splitter, at least one fluid
passageway and second working flmid splitter 1n a closed
loop for transierring heat to the working fluid from the heat
producing chips via the pair of flat flexible conduaits.

In some embodiments, the material of the pair of flat
tflexible conduits comprises thermally conductive plastics. In
certain embodiments, the material of the pair of cooling
spreaders comprises aluminum, aluminum-alloy, copper,
copper-alloy or any combination of the foregoing.

In an embodiment, a system including a liquid cooling
heat exchange apparatus for memory modules the liquid
cooling heat exchange apparatus configured to be tflow
through by a working fluid, comprising a circuit board of an
clectric or electronic device, a thermal conduction assembly,
a fasteming assembly, a first working fluid splitter, and a
second working fluid splitter 1s provided. The circuit board
has at least one memory module slot, extending longitudi-
nally, mutually opposing, parallel, and spaced apart. A
memory module 1s mounted in the at least one memory
module slot. The thermal conduction assembly 1s configured
to be mounted on the memory modules. The thermal con-
duction assembly comprises a pair of flat flexible conduits,
mutually opposing, parallel, and spaced apart, each, com-
prising at least one fluid passageway having an inlet end and
an outlet end. The at least one fluid passageway 1s configured
to be flow through by the working fluid, Each of the inlet
ends and each of the outlet ends are on a same end. The pair
of flat flexible conduits 1s 1n thermal contact with the
memory modules. The fastening assembly comprises at least
one securing apparatus configured to secure the thermal
conduction assembly to the memory modules. The first and
second working flmid splitters 1s configured to contain and
transport the working fluid. The first working fluid splitter
comprises a {irst container body, a first conduit connector,
and a first flow through opening. The first conduit connector
has a pair of first connector extensions, extending outwardly
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from the first container body and 1s 1n communication
therewith. The second working fluid splitter comprises a
second container body, a second conduit connector, and a
second tlow through opening. The second conduit connector
has a pair of second connector extensions, extending out-
wardly from the second container body and i1s 1n commu-
nication therewith. Each of the inlet ends 1s mounted to the
pair of first connector extensions and each of the outlet ends
1s mounted to the pair of second connector extensions.

During operation, working fluid travels into the first
container body through the first flow through opening and
out thereof through the pair of first connector extensions,
and into the second container body through the pair of
second connector extensions and out thereof through the
second flow through opening. The pair of flat flexible
conduits 1s 1n thermal contact with heat producing chips of
the memory modules, thermally coupling the first working
flmud splitter with the second working fluid splitter for
transierring heat from the heat producing chips. Each of the
at least one tluid passageway 1s expandable.

In some embodiments of the system, the thermal conduc-
tion assembly further comprises a pair of cooling spreaders,
mutually opposing, parallel, and spaced apart, Each of the
pair of cooling spreaders comprises a first side edge, a
second side edge, opposite the first side edge, a pair of first
spreader through holes disposed near to the first side edge,
and a pair of second spread er through holes disposed near
to the second side edge. Each of the pair of first spreader
through holes and each of the pair of second spreader
through holes have a spreader diameter. Each of the pair of
cooling spreaders has a spreader width larger than that of a
conduit width of each of the pair of flat flexible conduits.

During operation, each of the pair of cooling spreaders 1s
in thermal contact with each of the pair of flat flexible
conduits, opposite the heat producing chips and 1s a part of
the thermal conduction assembly, transferring heat from the
pair of flat flexible conduits, whereby heat from the heat
producing chips 1s transferred to the thermal conduction
assembly.

In certain embodiments of the system, the at least one
securing apparatus comprises a pair of clamping systems,
cach, mounted through the pair of first spreader through
holes and pair of second spreader through holes. Each of the
pair of clamping systems comprises a tail bar, a head bar, and
a pair of rods. The tail bar has a pair of attachment through
holes, each of the pair of attachment through holes have a
tail bar diameter, wherein the tail bar diameter i1s the same
as the spreader diameter. The head bar has a side clamp
comprising a cam wheel and a handle, and a pair of
attachment openings. The side clamp 1s disposed between
the pair of attachment openings. Each of the pair of attach-
ment openings have a head bar diameter, wherein the head
bar diameter 1s the same as the taill bar and spreader
diameters. The pair of rods, each, have a tail end comprising
a head and a head end having a removable stop lock, and a
rod diameter. The rod diameter 1s smaller than the tail bar,
head bar and spreader diameter. Each of the pair of rods 1s
configured to be mounted through each of the pair of
attachment through holes, each of the pair of first and second
cooling spreader through holes and each of the pair of
attachment openings via the head end. An outer circumfier-
ence surface of each of the pair of rods 1s mounted tlush with
inner circumierence surfaces of the pair of attachment
through holes, pair of attachment openings and par of first
spreader through holes or pair of second spreader through
holes. The thermal conduction assembly 1s mounted on the
memory modules and securely clamped thereto by rotating
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the cam wheel. The cam wheel, when rotated, 1s biased to
exert pressure on the thermal conduction assembly when 1n
a locked position, simultaneously producing a positive down
force.

In certain embodiments of the system, the at least one
securing apparatus comprises a U-rail and a guide. The
U-rail 1s integrally formed within each of the pair of cooling
spreaders, longitudinally, facing the pair of flat flexible
conduits. The guide 1s integrally formed on each of the pair
of flat flexible conduits, longitudinally, opposite the memory
modules. The guide 1s configured to mechanically mate with
the U-rail.

In some embodiments of the system, the amount of the
memory modules 1s one or greater and the amount of the pair
of flat flexible conduits 1s one pair or greater. In certain
embodiments of the system, the amount of the memory
modules 1s one or greater, the amount of the pair of flat
flexible conduits 1s one pair or greater and the amount of the
pair of cooling spreaders 1s one pair or greater.

In some embodiments of the system, each of the memory
modules further comprise a circuit board having a card edge
having a plurality of electrical contacts, and the heat pro-
ducing chips comprise a plurality of memory chips securely
mounted to opposing faces of the circuit board. The plurality
of electrical contacts 1s connected to the plurality of memory
chups, and the card edge 1s configured to be mounted to a
circuit board of an electric or electronic device. The pair of
flat flexible conduits 1s 1n thermal contact with the plurality
of memory chips.

In some embodiments of the system, the working tluid
circulates through the first working fluid splitter, at least one
fluid passageway and second working fluid splitter 1 a
closed loop for transferring heat to the working fluid from
the heat producing chips via the pair of flat flexible conduits.

In some embodiments of the system, the material of the
pair of flat flexible conduits comprises thermally conductive
plastics. In certain embodiments of the system, the matenal
of the pair of cooling spreaders comprises aluminum, alu-
minum-alloy, copper, copper-alloy or any combination of
the foregoing.

BRIEF DESCRIPTION OF THE DRAWINGS

Unless specified otherwise, the accompanying drawings
illustrate aspects of the innovative subject matter described
herein. Referring to the drawings, wherein like reference
numerals indicate similar parts throughout the several views,
several examples of water block systems incorporating
aspects of the presently disclosed principles are illustrated
by way of example, and not by way of limitation.

FIG. 1 depicts a representation of an embodiment of a
liquid cooling heat exchange apparatus for memory mod-
ules.

FIG. 2 depicts a partially exploded view of the embodi-
ment of the liquid cooling heat exchange apparatus for
memory modules of FIG. 1.

FIG. 3 depicts a partial cross-sectional view of the liquid

cooling heat exchange apparatus for memory modules of
FIG. 1.

DETAILED DESCRIPTION

The following describes various principles related to
liguid cooling systems by way of reference to specific
examples of thermal conduction assembly, mcluding spe-
cific arrangements and examples of fastening assemblies and
working fluid splitters embodying innovative concepts.

10

15

20

25

30

35

40

45

50

55

60

65

6

More particularly, but not exclusively, such innovative prin-
ciples are described 1n relation to selected examples of flat
flexible conduits, cooling spreaders and securing appara-
tuses and well-known functions or constructions are not
described 1n detail for purposes of succinctness and clarity.
Nonetheless, one or more of the disclosed principles can be
incorporated 1n various other embodiments of flat flexible
conduits, cooling spreaders and securing apparatuses to
achieve any of a variety of desired outcomes, characteristics,
and/or performance criteria.

Thus, liquid cooling heat exchange apparatus for memory
modules having attributes that are different from those
specific examples discussed herein can embody one or more
of the mnovative principles, and can be used 1n applications
not described herein 1n detail. Accordingly, embodiments
not described herein 1n detail also fall within the scope of
this disclosure, as will be appreciated by those of ordinary
skill in the relevant art following a review of this disclosure.

Example embodiments as disclosed herein are directed to
liquid cooling heat exchange apparatuses for memory mod-
ules comprising a thermal conduction assembly, fastening
assembly, and first and second working flmd splitters 1s
provided. The thermal conduction assembly, mounted on the
memory modules via the fastening assembly, comprises a
pair of flat flexible conduits, each having at least one fluid
passageway communicating with the first and second work-
ing fluid splitters, and a pair of cooling spreaders. The pair
of flat flexible conduits i1s 1n thermal contact with heat
producing chips of the memory modules, thermally coupling
the first and second working fluid splitters together for
transierring heat from the heat producing chips. The pair of
cooling spreaders 1s 1n thermal contact with the pair of flat
flexible conduits for transferring heat from the heat produc-
ing chips to the thermal conduction assembly. Each of the at
least one fluid passageway 1s expandable.

In an embodiment, a liquid cooling heat exchange appa-
ratus 10 for memory modules 100 configured to be flow
through by a working fluid, comprising a thermal conduc-
tion assembly 200, 300, a fastening assembly, a first working
fluad splitter 500, and a second working fluid splitter 600 1s
provided. The thermal conduction assembly 200, 300 1s
configured to be mounted on the memory modules 100. The
thermal conduction assembly 200, 300 comprises a pair of
flat flexible conduits 200, mutually opposing, parallel, and
spaced apart, each, comprising at least one fluid passageway
210 having an inlet end 220 and an outlet end 230. The at
least one fluid passageway 210 i1s configured to be flow
through by the working fluid. Each of the inlet ends 220 and
cach of the outlet ends 230 are on a same end. The pair of
flat flexible conduits 200 i1s 1n thermal contact with the
memory modules 100. The fastening assembly comprises at
least one securing apparatus 400, 310/210 configured to
secure the thermal conduction assembly 200, 300 to the
memory modules 100, The first and second working fluid
splatters 500, 600 1s configured to contain and transport the
working tluid. The first working fluid splitter 500 comprises
a first container body 510, a first conduit connector 520, and
a first flow through opening 511. The first conduit connector
520 has a pair of first connector extensions 321, extending
outwardly from the first container body 3510 and 1s 1n
communication therewith. The second working fluid sputter
600 comprises a second container body 610, a second
conduit connector 620, and a second tlow through opening
611. The second conduit connector 620 has a pair of second
connector extensions 621, extending outwardly from the
second container body 610 and 1s 1n communication there-
with. Each of the inlet ends 220 1s mounted to the pair of first
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connector extensions 521 and each of the outlet ends 230 1s
mounted to the pair of second connector extensions 621.

During operation, working fluid travels into the first
container body 510 through the first flow through opening
511 and out thereof through the pair of first connector
extensions 521, and into the second container body 610
through the pair of second connector extensions 621 and out
thereol through the second flow through opening 611. The
pair of flat flexible conduits 200 1s 1n thermal contact with
heat producing chips of the memory modules 100, thermally
coupling the first working fluid splitter 300 with the second
working fluid splitter 600 for transferring heat from the heat
producing chips. Each of the at least one fluid passageway
210 1s expandable.

The at least one fluid passageway 210 1s configured to
secure the pair of tlat flexible conduits 200 to be 1n thermal
contact with the heat producing chips of the memory mod-
ules 100 via working fluid traveling therethrough, biasing
the at least one fluid passageway 210 to expand and exert
pressure on the heat producing chips of the memory modules
100, simultaneously producing a positive down force. The at
least one fluid passageway 210 1s configured such that when
expanded, pressure 1s exerted on the heat producing chips of
the memory modules 100 to increase heat transier etliciency
between the surfaces of the heat producing chips and the at
least one fluid passageway 210 without damaging the heat
producing chips of the memory modules 100.

In certain embodiments, each of the pair of flat flexible
conduits 200 further comprise a pair of support wings 250,
parallel, and spaced apart. The at least one fluid passageway
210 1s between the pair of support wings 250, and the pair
of supports wings 250 1s configured to support the at least
one fluid passageway 210 to be 1n thermal contact with the
memory modules 100. The at least one tluid passageway 210
1s supported via the thickness and stiflness of the pair of
support wings 250 being greater than the thickness and
stillness of the walls of the at least one fluid passageway
210, mitigating loss of thermal contact or misaligned ther-
mal contact during assembly and/or operation of the liquid
cooling heat exchange apparatus 10. The pair of support
wings 250, supporting the at least one fluid passageway 210
therebetween, may be integrally formed.

In some embodiments, the thermal conduction assembly
200, 300 further comprises a pair of cooling spreaders 300,
mutually opposing, parallel, and spaced apart, Each of the
pair of cooling spreaders 300 comprises a first side edge 320,
a second side edge 330, opposite the first side edge 320, a
pair of first spreader through holes 325 disposed near to the
first side edge 320, and a pair of second spreader through
holes 335 disposed near to the second side edge 330. Each
of the pair of first spreader through holes 325 and each of the
pair of second spreader through holes 335 have a spreader
diameter D. Each of the pair of cooling spreaders 300 has a
spreader width SW larger than that of a conduit width CW
ol each of the pair of flat flexible conduits 200.

During operation, each of the pair of cooling spreaders
300 1s 1n thermal contact with each of the pair of flat flexible
conduits 200, opposite the heat producing chips and 1s a part
of the thermal conduction assembly 200, 300, transferring
heat from the pair of flat flexible conduits 200, and enlarging
a contact surface area for heat dissipation, whereby heat
from the heat producing chips 1s transferred to the thermal
conduction assembly 200, 300.

In certain embodiments the at least one securing apparatus
400, 310/210 comprises a pair of clamping systems 400,
cach, mounted through the pair of first spreader through
holes 325 and pair of second spreader through holes 335.
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Each of the pair of clamping systems 400 comprises a tail
bar 420, a head bar 430, and a pair of rods 410. The tail bar

420 has a pair of attachment through holes 425, each of the
pair of attachment through holes 425 have a tail bar diameter
TBD, wherein the tail bar diameter TBD 1s the same as the
spreader diameter SD. The head bar 430 has a side clamp
460 comprising a cam wheel 440 and a handle 450, and a
pair ol attachment openings 435. The side clamp 480 1s
disposed between the pair of attachment openings 435. Each
of the pair of attachment openings 435 have a head bar
diameter HBD, wherein the head bar diameter HBD 1is the
same as the tail bar and spreader diameters TBD, SD. The
pair of rods 410, each, have a tail end 428 comprising a head
429 and a head end 438 having a removable stop lock 439,
and a rod diameter RD. The rod diameter RD 1s smaller than
the tail bar 420, head bar 430 and spreader diameter SD.
Each of the pair of rods 410 1s configured to be mounted
through each of the pair of attachment through holes 425,
cach of the pair of first and second cooling spreader through
holes 325, 335 and each of the pair of attachment openings
435 via the head end 438. An outer circumierence surface of
cach of the pair of rods 410 1s mounted flush with 1nner
circumierence surfaces of the pair of attachment through
holes 425, pair of attachment openings 435 and pair of first
spreader through holes 325 or pair of second spreader
through holes 335. The thermal conduction assembly 200,
300 1s mounted on the memory modules 100 and securely
clamped thereto by rotating the cam wheel 440. The cam
wheel 440, when rotated, 1s biased to exert pressure on the
thermal conduction assembly 200, 300 when 1 a locked
position, simultaneously producing a positive down force. A
locking distance D1 from the head bar 430 to a first surface
of the cam wheel 440 1s greater than a releasing distance D2
from the head bar 430 to a second surface of the cam wheel
440.

In certain embodiments, the at least one securing appa-
ratus 400, 310/210 comprises a U-rail 310 and a guide 210.
The U-rail 310 1s mtegrally formed within each of the pair
of cooling spreaders 300, longitudinally, facing the pair of
flat flexible conduits 200. The guide 210 1s integrally formed
on each of the pair of flat flexible conduits 200, longitudi-
nally, opposite the memory modules 100. The guide 210 1s
configured to mechanically mate with the U-rail 310. In the
embodiments, the guide 210 and the at least one fluid
passageway 210 are the same.

The U-rail 310 and the guide 210 of each of the pair of
cooling spreaders 300 1s configured to secure the pair of flat
flexible conduits 200 to be in thermal contact with heat
producing chips of the memory modules 100 via mechanical
mating therebetween. The U-rail 310 of each of the pair of
cooling spreaders 300 1s configured such that the at least one
fluid passageway 210 can be expanded therein. The U-rail
310 of each of the pair of cooling spreaders 300 defines a
fixed channel, formed, such that working fluid can travel
through the pair of first connector extensions 521, at least
one fluid passageway 210, and through the pair of second
connector extensions 621 without mterruption and/or clog-
ging and/or blockage, such that the pair of flat flexible
conduits 200, in thermal contact with heat producing chips
of the memory modules 100, can thermally couple the first
working fluid splitter 500 with the second working fluid
splitter 600 for transferring heat from the heat producing
chips.

In some embodiments, the amount of the memory mod-
ules 100 1s one or greater and the amount of the pair of flat
flexible conduits 200 1s one pair or greater. In certain
embodiments, the amount of the memory modules 100 1s
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one or greater, the amount of the pair of flat flexible conduits
200 1s one pair or greater and the amount of the pair of
cooling spreaders 300 1s one pair or greater.

In some embodiments, each of the memory modules 100
turther comprise a circuit board 120 having a card edge 1235
having a plurality of electrical contacts (not shown), and the
heat producing chips comprise a plurality of memory chips
110 securely mounted to opposing faces of the circuit board
120. The plurality of electrical contacts (not shown) 1s
connected to the plurality of memory chips 110, and the card
edge 125 1s configured to be mounted to a circuit board of
an electric or electronic device (not shown). The pair of flat
flexible conduits 200 1s 1n thermal contact with the plurality
of memory chips 110.

In some embodiments, the working fluid circulates
through the first working tluid splitter 500, at least one fluid
passageway 210 and second working fluid splitter 600 1n a
closed loop for transferring heat to the working fluid from
the heat producing chips via the pair of flat flexible conduits
200.

In some embodiments, the material of the pair of flat
flexible conduits 200 comprises thermally conductive plas-
tics. In certain embodiments, the material of the pair of
cooling spreaders 300 comprises aluminum, aluminum-
alloy, copper, copper-alloy or any combination of the fore-
ogoing.

In certain embodiments, as the at least one tluid passage-
way 210 1s expandable and/or comprise of thermally con-
ductive plastics, each of the inlet ends 220 1s mounted to the
pair of first connector extensions 521 and each of the outlet
ends 230 1s mounted to the pair of second connector exten-
sions 621 via stretching and/or heat shrinkage, as examples.

In the embodiments, the plurality of memory chips 110
comprise random access memory chips, of which type 1s not
limited.

In an embodiment, a system including a liquid cooling
heat exchange apparatus 10 for memory modules 100, the
liquid cooling heat exchange apparatus 10, configured to be
flow through by a working fluid, comprising a circuit board
of an electric or electronic device (not shown), a thermal
conduction assembly 200, 300, a fastening assembly, a first
working fluid splitter 500, and a second working fluid
splitter 600 1s provided. The circuit board 120 has at least
one memory module slot (not shown), extending longitudi-
nally, mutually opposing, parallel, and spaced apart. A
memory module 100 1s mounted 1n the at least one memory
module slot (not shown) The thermal conduction assembly
200, 300 1s configured to be mounted on the memory
modules 100. The thermal conduction assembly 200, 300
comprises a pair of flat flexible conduits 200, mutually
opposing, parallel, and spaced apart, each, comprising at
least one fluid passageway 210 having an inlet end 220 and
an outlet end 230. The at least one fluid passageway 210 1s
configured to be tlow through by the working tluid. Each of
the 1nlet ends 220 and each of the outlet ends 230 are on a
same end. The pair of flat flexible conduits 200 1s in thermal
contact with the memory modules 100. The fastening assem-
bly comprises at least one securing apparatus 400, 310/210
configured to secure the thermal conduction assembly 200,
300 to the memory modules 100. The first and second
working fluid splitters 500, 600 1s configured to contain and
transport the working fluid. The first working fluid splitter
500 comprises a first container body 510, a first conduit
connector 520, and a first tlow through opening 511. The
first conduit connector 520 has a pair of first connector
extensions 521, extending outwardly from the first container
body 510 and 1s 1n communication therewith. The second
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working flmd splitter 600 comprises a second container
body 610, a second conduit connector 620, and a second
flow through opening 611. The second conduit connector
620 has a pair of second connector extensions 621, extend-
ing outwardly from the second container body 610 and 1s 1n
communication therewith. Each of the inlet ends 220 1is
mounted to the pair of first connector extensions 321 and
cach of the outlet end 230 1s mounted to the pair of second
connector extensions 621.

During operation, working fluid travels into the first
container body 510 through the first flow through opening
511 and out thereof through the pair of first connector
extensions 521, and into the second container body 610
through the pair of second connector extensions 621 and out
thereof through the second tlow through opening 611. The
pair of flat flexible conduits 200 1s 1n thermal contact with
heat producing chips of the memory modules 100, thermally
coupling the first working fluid splitter 500 with the second
working fluid splitter 600 for transferring heat from the heat
producing chips. Each of the at least one fluid passageway
210 1s expandable.

The at least one fluid passageway 210 1s configured to
secure the pair of flat flexible conduits 200 to be 1n thermal
contact with the heat producing chips of the memory mod-
ules 100 via working fluid traveling therethrough, biasing
the at least one fluid passageway 210 to expand and exert
pressure on the heat producing chips of the memory modules
100, simultaneously producing a positive down force. The at
least one tluid passageway 210 1s configured such that when
expanded, pressure 1s exerted on the heat producing chips of
the memory modules 100 to increase heat transier efliciency
between the surfaces of the heat producing chips and the at
least one tluid passageway 210 without damaging the heat
producing chips of the memory modules 100.

In certain embodiments, each of the pair of flat flexible
conduits 200 further comprise a pair of support wings 250,
parallel, and spaced apart. The at least one fluid passageway
210 1s between the pair of support wings 250, and the pair
of supports wings 2350 1s configured to support the at least
one fluid passageway 210 to be in thermal contact with the
memory modules 100. The at least one flmid passageway 210
1s supported via the thickness and stiflness of the pair of
support wings 250 being greater than the thickness and
stiflness of the walls of the at least one fluid passageway
210, mitigating loss of thermal contact or misaligned ther-
mal contact during assembly and/or operation of the liquid
cooling heat exchange apparatus 10. The pair of support
wings 2350, supporting the at least one fluid passageway 210
therebetween, may be integrally formed.

In some embodiments of the system, the thermal conduc-
tion assembly 200, 300 further comprises a pair of cooling
spreaders 300, mutually opposing, parallel, and spaced
apart. Each of the paw of cooling spreaders 300 comprises
a first side edge 320, a second side edge 330, opposite the
first side edge 320, a pair of first spreader through holes 325
disposed near to the first side edge 320, and a pair of second
spreader through holes 335 disposed near to the second side
edge 330. Each of the pair of first spreader through holes 325
and each of the pair of second spreader through holes 335
have a spreader diameter SD. Each of the pair of cooling
spreaders 300 has a spreader width SW larger than that of a
conduit width CW of each of the pair of flat flexible conduits
200.

During operation, each of the pair of cooling spreaders
300 1s 1n thermal contact with each of the pair of flat tlexible
conduits 200, opposite the heat producing chips and 1s a part
of the thermal conduction assembly 200, 300, transferring
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heat from the pair of flat flexible conduits 200, whereby heat
from the heat producing chips 1s transferred to the thermal
conduction assembly 200, 300.

In certain embodiments of the system, the at least one
securing apparatus 400, 310/210 comprises a pair of clamp-
ing systems 400, each, mounted through the pair of first
spreader through holes 325 and pair of second spreader
through holes 335. Each of the pair of clamping systems 400
comprises a tail bar 420, a head bar 430, and a pair of rods
410, The tail bar 420 has a pair of attachment through holes
425, each of the pair of attachment through holes 425 have
a tail bar diameter TBD, wherein the tail bar diameter TBD
1s the same as the spreader diameter SD. The head bar 430
has a side clamp 460 comprising a cam wheel 440 and a
handle 450, and a pair of attachment openings 435. The side
clamp 460 1s disposed between the pair of attachment
openings 4335. Each of the pair of attachment openings 4335
have a head bar diameter HBD, wherein the head bar
diameter HBD 1s the same as the tail bar 420 and spreader
diameter SDs. The pair of rods 410, each, have a tail end 428
comprising a head 429 and a head end 438 having a
removable stop lock 439 and a rod diameter RD. The rod
diameter RD 1s smaller than the tail bar 420, head bar 430
and spreader diameter SD. Each of the pair of rods 410 1s
configured to be mounted through each of the pair of
attachment through holes 425, each of the pair of first and
second cooling spreader through holes 325, 335 and each of
the pair of attachment openings 435 via the head end 438. An
outer circumierence surface of each of the pair of rods 410
1s mounted flush with inner circumierence surfaces of the
pair of attachment through holes 425, pair of attachment
openings 435 and pair of first spreader through holes 325 or
pair of second spreader through holes 335. The thermal
conduction assembly 200, 300 1s mounted on the memory
modules 100 and securely clamped thereto by rotating the
cam wheel 440. The cam wheel 440, when rotated, 1s biased
to exert pressure on the thermal conduction assembly 200,
300 when 1n a locked position, simultaneously producing a
positive down force. A locking distance D1 from the head
bar 430 to a first surface of the cam wheel 440 1s greater than
a releasing distance D2 from the head bar 430 to a second
surface of the cam wheel 440.

In certain embodiments of the system, the at least one
securing apparatus 400, 310/210 comprises a U-rail 310 and
a guide 210, The U-rail 310 1s integrally formed within each
of the pair of cooling spreaders 300, longitudinally, facing
the pair of flat flexible conduits 200. The guide 210 1s
integrally formed on each of the pair of flat flexible conduits
200, longitudinally, opposite the memory modules 100. The
guide 210 1s configured to mechanmically mate with the U-rail
310. In the embodiments, the guide 210 and the at least one
fluid passageway 210 are the same.

The U-rail 310 and the guide 210 of each of the pair of
cooling spreaders 300 1s configured to secure the pair of flat
flexible conduts 200 to be in thermal contact with heat
producing chips of the memory modules 100 via mechanical
mating therebetween. The U-rail 310 of each of the pair of
cooling spreaders 300 1s configured such that the at least one
fluid passageway 210 can be expanded therein. The U-rail
310 of each of the pair of cooling spreaders 300 defines a
fixed channel, formed, such that working fluid can travel
through the pair of first connector extensions 521, at least
one fluid passageway 210, and through the pair of second
connector extensions 621 without interruption and/or clog-
ging and/or blockage, such that the pair of flat flexible
conduits 200, in thermal contact with heat producing chips
of the memory modules 100, can thermally couple the first

10

15

20

25

30

35

40

45

50

55

60

65

12

working fluid splitter 500 with the second working fluid
splitter 600 for transferring heat from the heat producing
chips.

In some embodiments of the system, the amount of the
memory modules 100 1s one or greater and the amount of the
pair of flat flexible conduts 200 1s one pair or greater. In
certain embodiments of the system, the amount of the
memory modules 100 1s one or greater, the amount of the
pair of tlat flexible conduits 200 1s one pair or greater and the
amount of the pair of cooling spreaders 300 1s one pair or
greater.

In some embodiments of the system, each of the memory
modules 100 further comprise a circuit board 120 having a
card edge 125 having a plurality of electrical contacts (not
shown), and the heat producing chips comprise a plurality of
memory chips 110 securely mounted to opposing faces of
the circuit board 120. The plurality of electrical contacts (not
shown) 1s connected to the plurality of memory chips 110,
and the card edge 125 1s configured to be mounted to a
circuit board of an electric or electronic device (not shown),
The pair of flat flexible conduits 200 1s 1n thermal contact
with the plurality of memory chips 110.

In some embodiments of the system, the working fluid
circulates through the first working tluid splitter 500, at least
one fluid passageway 210 and second working tluid splitter
600 1n a closed loop for transierring heat to the working fluid
from the heat producing chips via the pair of flat flexible
conduits 200.

In some embodiments of the system, the material of the
pair of flat flexible conduits 200 comprises thermally con-
ductive plastics. In certain embodiments of the system, the
material of the pair of cooling spreaders 300 comprises
aluminum, aluminume-alloy, copper, copper-alloy or any

combination of the foregoing.

In certain embodiments, as the at least one fluid passage-
way 210 1s expandable and/or comprise of thermally con-
ductive plastics, each of the inlet ends 220 1s mounted to the
pair of first connector extensions 521 and each of the outlet
ends 230 1s mounted to the pair of second connector exten-
sions 621 via stretching and/or heat shrinkage, as examples.

In the embodiments, the plurality of memory chips 110
comprise random access memory chips, of which type 1s not
limited.

In the embodiments, as those skilled in the relevant art
may readily appreciate, sealing elements, such as O-rings,
may be used at the interface of different components to
create a liqud-tight seal and minimize leaks, and fasteners
such as screws, bolts, and pins, may be used at the interface
of different components for assembly and/or mounting
thereamong.

In the embodiments, as those skilled in the relevant art
may readily appreciate, working fluid flow through wvia
pumping units, as an example, may be used for the tlow of
working fluid through the liqud cooling heat exchange
apparatus for memory modules.

The working fluid of the liquid cooling system may be any
type of working fluid such as water, water with additives
such as anti-fungicide, water with additives for improving
heat conducting or other special compositions of working
fluids such as electrically non-conductive liquds or liquids
with lubricant additives or anti-corrosive additives, as
known to those of ordinary skill in the relevant art.

Control of the liquid cooling heat exchange apparatus for
memory modules 10 driven by AC or DC power, may take
place by means of an operative system or like means or the
clectric and/or electronics system 1tself, wherein the electric
and/or electronics system comprises a means for measuring
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load and/or temperature of one or more processors, as
known to those of ordinary skill 1n the relevant art. Using the
measurement performed by the operative system or a like
system eliminates the need for special means for operating
the liquid cooling heat exchange apparatus for memory
modules 10. Communication between the operative system
or a like system and a processor for operating the liquid
cooling heat exchange apparatus for memory modules 10
may take place along already established communication
links 1n the system such as a USB-link. Thereby, a real-time
communication between the liquid cooling system and lig-
uid cooling heat exchange apparatus for memory modules
may be provided without any special means for establishing,
the communication.

Further control strategies utilizing the operative system or
a like system may involve balancing the rotational speed of
the liquid cooling heat exchange apparatus for memory
modules 10 as a function of the cooling capacity needed, as
also known to those of ordinary skill in the relevant art.

In an embodiment, a liquid cooling heat exchange appa-
ratus 10 for memory modules comprising a thermal conduc-
tion assembly 200, 300, fastening assembly, and first and
Second working fluid splitters 500, 600 1s provided. The
thermal conduction assembly 200, 300, mounted on the
memory modules via the fastening assembly, comprises a
pair of flat flexible conduits 200, each having at least one
fluid passageway 210 communicating with the first and
second working fluid splitters 500, 600, and a pair of cooling
spreaders 300. The pair of flat flexible conduits 200 1s 1n
thermal contact with heat producing chips of the memory
modules 100, thermally coupling the first and second work-
ing fluid splitters 500, 600 together for transierring heat
from the heat producing chips. The pair of cooling spreaders
300 1s 1n thermal contact with the pair of flat flexible
conduits 200 for transferring heat from the heat producing
chips to the thermal conduction assembly 200, 300. Each of
the at least one fluid passageway 210 1s expandable.

Cooling for electronic devices, by circulating air parallel
to closely spaced electronic circuit cards such as dual in-line
y modules (DIMMSs), or by using flat metal heat sinks
mounted to heat sources, has proven to be insuilicient.
Cooling using metal heat pipes within a liguid cooling
system are heavy and often proprietary. Proprietary systems
are costly, and time and costs for maintenance and repair are
high. Metal heat pipes are rigid, and may often damage the
cards. Thermal interface material (TIM) such as thermal
grease or paste, or thermal pads with adhesives, makes 1t
inconvement for maintenance or repair in the field, icreas-
ing time and costs, and increasing possible damage to the
cards, which decreases device reliability and increases
device crashes by overheating. Thermal pads generally have
lower heat conductivity compared to thermal paste.

The liquid cooling heat exchange apparatus 10 for
memory modules and heat removal or transfer methods of
the embodiments does not require a rigid surface to be
pressed against the plurality of memory chips 110, 1s not
proprietary, uses multiple supporting, securing and fastening
methods such that TIMs are not required, and uses multiple
thermal conduction methods to efliciently transfer heat away
from the plurality of memory chips 110.

In the embodiments, the at least one fluid passageway 210
1s expandable and/or comprise of thermally conductive
plastics and 1s not rigid. Thus, damage, due to rigidity, to the
plurality of memory chips 110 during assembly and/or
operation 1s mitigated. Also, the expandability of the at least
one tluid passageway 210 increases the compatibility of the
liquid cooling heat exchange apparatus 10 for all types of
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memory modules 100, making the liqmd cooling heat
exchange apparatus 10 less costly than proprietary systems
and decreases time and costs for maintenance and repair.
The pair of clamping systems 400, U-rail 310 and guide 210,
pair ol support wings 250, and working fluid traveling
through and biasing the at least one fluid passageway 210 to
expand and exert pressure on the plurality of memory chips
110, decreases the need for TIMs, 1increasing convenience
for maintenance or repair in the field, decreasing time and
costs, and decreasing, pessible damage to the plurality of
memory chips 110, which increases device reliability and
decreases device crashes by overheating. Heat transter efli-
ciency between the surfaces of the plurality of memory chips
110 and the at least one fluid passageway 210 1s increased
via the expandability of the at least one fluid passageway
210. Also, the thermal coupling of the first working tluid
sphtter 500 with the second werkmg fluid splitter 600, via
the pair of flat flexible conduits 200, 1n thermal contact with
the plurality of memory chips 110, e_ﬁelently transiers heat
away Irom the plurality of memory chips 110. The part of
cooling spreaders 300, in thermal contact with each of the
pair of flat tlexible conduits 200, transfer heat from the pair
of flat flexible condwts 200, and enlarges a contact surface
area for heat dissipation, whereby heat from the plurality of
memory chips 110 1s transierred to the thermal conduction
assembly 200, 300.

The presently disclosed 1nventive concepts are not
intended to be limited to the embodiments shown herein, but
are to be accorded their full scope consistent with the
principles underlying the disclosed concepts herein, Direc-
tions and references to an element, such as “up,” “down,”,
“upper,” “lower,” “horizontal,” “vertical,” “left,” “right,”
and the like, do not imply absolute relationships, positions,
and/or orientations. Terms of an element, such as “first” and
“second” are not literal, but, distinguishing terms. As used
herein, terms “comprises” or “comprising”’ encompass the
notions of “including” and “having” and specily the pres-
ence of elements, operations, and/or groups or combinations
thereof and do not imply preclusion of the presence or
addition of one or more other elements, operations and/or
groups or combinations thereof. Sequence of operations do
not imply absoluteness unless specifically so stated. Retfer-
ence to an element in the singular, such as by use of the
article “a” or “an”, 1s not mtended to mean “one and only
one” unless Speelﬁeally so stated, but rather ‘one or more’.
As used herein, “and/or” means “and” or “or”, as well as
“and” and “or,” As used herein, ranges and subranges mean
all ranges 1including whole and/or fractional values therein
and language which defines or modifies ranges and sub-
ranges, such as “at least,” “greater than,” “less than,” “no
more than,” and the like, mean subranges and/or an upper or
lower limait. All structural and functional equivalents to the
clements of the various embodiments described throughout
the disclosure that are known or later come to be known to
those of ordinary skill 1n the relevant art are intended to be
encompassed by the features described and claimed herein.
Moreover, nothing disclosed herein 1s intended to be dedi-
cated to the public regardless of whether such disclosure
may ultimately explicitly be recited in the claims. No
clement or concept disclosed herein or hereafter presented
shall be construed under the provisions of 35 USC 1121
unless the element or concept 1s expressly recited using the
phrase “means for” or “step for”.

In view of the many possible embodiments to which the
disclosed principles can be applied, we reserve the right to
claim any and all combinations of features and acts
described herein, including the right to claim all that comes
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within the scope and spirit of the foregoing description, as
well as the combinations recited, literally and equivalently,
in the following claims and any claims presented anytime
throughout prosecution of this application or any application
claiming benefit of or priority from this application.

What 1s claimed 1s:

1. A liqud cooling heat exchange apparatus for memory
modules configured to be tlow through by a working fluid,
comprising;

a thermal conduction assembly, configured to be mounted

on the memory modules, comprising:

a pair of flat flexible conduits, mutually opposing,
parallel, and spaced apart, each, comprising at least
one fluid passageway, configured to be flow through
by the working fluid, having an inlet end and an
outlet end, wherein each of the inlet ends and each of
the outlet ends are on a same end, and the pair of flat
flexible conduits 1s in thermal contact with the
memory modules;

a fastening assembly, comprising:

at least one securing apparatus configured to secure the
thermal conduction assembly to the memory mod-
ules:

a first working fluid splitter, configured to contain and
transport the working fluid, comprising:

a first container body;

a first conduit connector, extending outwardly from
the first container body and in communication
therewith, having a pair of first connector exten-

sions; and

a first flow through opening; and

a second working fluid splitter, configured to contain
and transport the working fluid, comprising;

a second container body;

a second conduit connector, extending outwardly
from the second container body and in communi-
cation therewith, having a pair of second connec-
tor extensions; and

a second flow through opening,

wherein each of the inlet ends 1s mounted to the pair of

first connector extensions and each of the outlet ends 1s

mounted to the pair of second connector extensions,
and working fluid travels mto the first container body
through the first flow through opening and out thereof
through the pair of first connector extensions, and
working fluid travels into the second container body
through the pair of second connector extensions and out
thereof through the second flow through opening, and
whereby the pair of flat flexible conduits 1s in thermal
contact with heat producing chips of the memory
modules, thermally coupling the first working fluid
splitter with the second working fluid splitter for trans-
ferring heat from the heat producing chips, and wherein
cach of the at least one tfluid passageway 1s expandable.

2. The liquid cooling heat exchange apparatus of claim 1,
wherein the thermal conduction assembly further comprises:

a pair of cooling spreaders, mutually opposing, parallel,

and spaced apart, each, comprising:

a first side edge;

a second side edge, opposite the first side edge;

a pair of first spreader through holes disposed near to the

first side edge; and

a pair ol second spreader through holes disposed near to

the second side edge,

wherein each of the pair of first spreader through holes

and each of the pair of second spreader through holes

have a spreader diameter,
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wherein each of the pair of cooling spreaders has a
spreader width larger than that of a conduit width of
cach of the pair of flat flexible conduits, and

whereby each of the pair of cooling spreaders 1s 1n thermal
contact with each of the pair of flat flexible conduaits,
opposite the heat producing chips and 1s a part of the
thermal conduction assembly, transferring heat from
the pair of tlat tlexible conduits, whereby heat from the
heat producing chips i1s transierred to the thermal
conduction assembly.

3. The liquid cooling heat exchange apparatus of claim 2,

herein the at least one securing apparatus comprises:

a pair ol clamping systems, each, mounted through the
pair of first spreader through holes and pair of second
spreader through holes, comprising:

a tail bar having a pair of attachment through holes,
cach of the pair of attachment through holes have a
tail bar diameter, the tail bar diameter 1s the same as
the spreader diameter;

a head bar having a side clamp comprising a cam wheel
and a handle, and a pair of attachment openings, the
side clamp disposed between the pair of attachment
openings, each of the pair of attachment openings
have a head bar diameter, the head bar diameter 1s the
same as the tail bar and spreader diameters; and

a pair of rods, each, having a tail end comprising a head
and a head end having a removable stop lock, and a
rod diameter, the rod diameter 1s smaller than the tail
bar, head bar and spreader diameters,

wherein each of the pair of rods 1s configured to be
mounted through each of the pair of attachment through
holes, each of the pair of first and second cooling
spreader through holes and each of the pair of attach-

ment openings via the head end, and an outer circum-
ference surface of each of the pair of rods 1s mounted
flush with inner circumierence surfaces of the pair of
attachment through holes, pair of attachment openings
and pair of first spreader through holes or pair of second
spreader through holes,

whereby the thermal conduction assembly 1s mounted on

the memory modules and securely clamped thereto by
rotating the cam wheel, the cam wheel, when rotated,
1s biased to exert pressure on the thermal conduction
assembly when in a locked position, simultaneously
producing a positive down force.

4. The liquid cooling heat exchange apparatus of claim 2,
wherein the at least one securing apparatus comprises a
U-rail and a guide, the U-rail 1s integrally formed within
cach of the pair of cooling spreaders, longitudinally, facing
the pair of flat flexible conduits, the gwmde 1s integrally
formed on each of the pair of flat flexible conduits, longi-
tudinally, opposite the memory modules, wherein the guide
1s configured to mechanically mate with the U-rail.

5. The liqud cooling heat exchange apparatus of claim 1,
wherein the amount of the memory modules 1s one or greater
and the amount of the pair of flat flexible conduits 1s one pair
or greater.

6. The liquid cooling heat exchange apparatus of claim 2,
wherein the amount of the memory modules 1s one or
greater, the amount of the pair of flat flexible conduits 1s one
pair or greater and the amount of the pair of cooling
spreaders 1s one pair or greater.

7. The liquid cooling heat exchange apparatus of claim 1,
wherein each of the memory modules further comprise a
circuit board having a card edge having a plurality of
clectrical contacts, and the heat producing chips comprise a
plurality of memory chips securely mounted to opposing
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taces of the circuit board, whereby the plurality of electrical
contacts 1s connected to the plurality of memory chips, and
the card edge 1s configured to be mounted to a circuit board
ol an electric or electronic device, and whereby the pair of
flat flexible conduits 1s 1n thermal contact with the plurality 5
of memory chips.

8. The ligquid cooling heat exchange apparatus of claim 1,
wherein the working fluid circulates through the first work-
ing tluid splitter, at least one fluid passageway and second
working fluid splitter 1n a closed loop for transferring heat to 10
the working fluid from the heat producing chips via the pair
of flat flexible conduaits.

9. The liquid cooling heat exchange apparatus of claim 1,
wherein the material of the pair of flat flexible conduits
comprises thermally conductive plastics. 15

10. The liquid cooling heat exchange apparatus of claim
2, wherein the material of the pair of cooling spreaders
comprises aluminum, aluminum-alloy, copper, copper-alloy
or any combination of the foregoing.

11. A system 1including a liquid cooling heat exchange 20
apparatus for memory modules, the liquid cooling heat
exchange apparatus configured to be tlow through by a
working fluid, the system comprising:

a circuit board of an electric or electronic device having

at least one memory module slot, extending longitudi- 25

nally, mutually opposing, parallel, and spaced apart,

whereby a memory module 1s mounted 1n the at least
one memory module slot,

a thermal conduction assembly, configured to be mounted

on the memory modules, comprising: 30

a pair of flat flexible conduits, mutually opposing,
parallel, and spaced apart, each, comprising at least
one tluid passageway, configured to be flow through
by the working fluid, having an inlet end and an
outlet end, wherein each of the inlet ends and each of 35
the outlet ends are on a same end, and the pair of flat
flexible conduits 1s 1n thermal contact with the
memory modules;

a fastening assembly, comprising:
at least one securing apparatus configured to secure 40

the thermal conduction assembly to the memory
modules;

a first working tluid splitter, configured to contain and
transport the working fluid, comprising:

a first container body; 45
a first conduit connector, extending outwardly from
the first container body and in commumnication
therewith, having a pair of first connector exten-
sions; and

a first flow through opening; and 50

a second working fluid splitter, configured to contain

and transport the working fluid, comprising;

a second container body;

a second conduit connector, extending outwardly
from the second container body and in communi- 55
cation therewith, having a pair of second connec-
tor extensions; and

a second flow through opening,

wherein each of the mlet ends 1s mounted to the pair of

first connector extensions and each of the outlet ends 1s 60

mounted to the pair of second connector extensions,

and working fluid travels into the first container body
through the first tflow through opening and out thereof
through the pair of first connector extensions, and

working fluid travels into the second container body 65

through the pair of second connector extensions and out

thereof through the second flow through opening, and
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whereby the pair of flat flexible conduits 1s 1n thermal
contact with heat producing chips of the memory
modules, thermally coupling the first working fluid
splitter with the second working tluid splitter for trans-
ferring heat from the heat producing chips, and wherein
cach of the at least one fluid passageway 1s expandable.
12. The system including a liquid cooling heat exchange

apparatus of claim 11, wherein the thermal conduction
assembly further comprises:

a pair of cooling spreaders, mutually opposing, parallel,
and spaced apart, each, comprising:
a first side edge;
a second side edge, opposite the first side edge;
a pair of first spreader through holes disposed near to
the first side edge; and

a pair of second spreader through holes disposed near
to the second side edge,

wherein each of the pair of first spreader through holes
and each of the pair of second spreader through holes
have a spreader diameter,

wherein each of the pair of cooling spreaders has a
spreader width larger than that of a condut width of
cach of the pair of flat flexible conduits, and

whereby each of the pair of cooling spreaders 1s in thermal
contact with each of the pair of tlat flexible conduits,
opposite the heat producing chips and 1s a part of the
thermal conduction assembly, transferring heat from
the pair of flat flexible conduits, whereby heat from the
heat producing chips i1s transierred to the thermal
conduction assembly.

13. The system including a liquid cooling heat exchange

apparatus ol claim 12, wherein the at least one securing
apparatus comprises:

a pair of clamping systems, each, mounted through the
pair of first spreader through holes and pair of second
spreader through holes, comprising:

a tail bar having a pair of attachment through holes, each
of the pair of attachment through holes have a tail bar
diameter, the tail bar diameter 1s the same as the
spreader diameter;

a head bar having a side clamp comprising a cam wheel
and a handle, and a pair of attachment openmings, the
side clamp disposed between the pair of attachment
openings, each of the pair of attachment openings have
a head bar diameter, the head bar diameter 1s the same
as the tail bar and spreader diameters; and

a pair of rods, each, having a tail end comprising a head
and a head end having a removable stop lock, and a rod
diameter, the rod diameter 1s smaller than the tail bar,
head bar and spreader diameters,

wherein each of the pair of rods 1s configured to be
mounted through each of the pair of attachment through
holes, each of the pair of first and second cooling
spreader through holes and each of the pair of attach-
ment openings via the head end, and an outer circum-
ference surface of each of the pair of rods 1s mounted
flush with 1nner circumference surfaces of the pair of
attachment through holes, pair of attachment openings
and pair of first spreader through holes or pair of second
spreader through holes,

whereby the thermal conduction assembly 1s mounted on
the memory modules and securely clamped thereto by
rotating the cam wheel, the cam wheel, when rotated,
1s biased to exert pressure on the thermal conduction
assembly when 1n a locked position, simultaneously
producing a positive down force.
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14. The system including a liquid cooling heat exchange
apparatus of claim 12, wherein the at least one securing
apparatus comprises a U-raill and a guide, the U-rail is
integrally formed within each of the pair of cooling spread-
ers, longitudinally, facing the pair of flat flexible conduits,
the guide 1s integrally formed on each of the pair of {flat
flexible conduits, longitudinally, opposite the memory mod-
ules, wherein the guide 1s configured to mechanically mate
with the U-rail.

15. The system including a liquid cooling heat exchange
apparatus of claim 11, wherein the amount of the memory
modules 1s one or greater and the amount of the pair of flat
flexible conduits 1s one pair or greater.

16. The system including a liquid cooling heat exchange
apparatus of claim 12, wherein the amount of the memory
modules 1s one or greater, the amount of the pair of flat
flexible conduits 1s one pair or greater and the amount of the
pair of cooling spreaders 1s one pair or greater.

17. The system including a liquid cooling heat exchange
apparatus of claim 11, wherein each of the memory modules
turther comprise a circuit board having a card edge having
a plurality of electrical contacts, and the heat producing
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chips comprise a plurality of memory chips securely
mounted to opposing faces of the circuit board, whereby the
plurality of electrical contacts 1s connected to the plurality of
memory chips, and the card edge 1s configured to be
mounted to a circuit board of an electric or electronic device,
and whereby the pair of flat flexible conduits 1s 1n thermal
contact with the plurality of memory chips.

18. The system including a liquid cooling heat exchange
apparatus of claim 11, wherein the working fluid circulates
through the first working fluid splitter, at least one fluid
passageway and second working fluid splitter 1n a closed
loop for transferring heat to the working fluid from the heat

producing chip via the pair of flat flexible conduaits.

19. The system including a liquid cooling heat exchange
apparatus of claim 11, wherein the material of the pair of flat
flexible conduits comprises thermally conductive plastics.

20. The system including a liquid cooling heat exchange
apparatus of claim 12, wherein the material of the pair of
cooling spreaders comprises aluminum, aluminum-alloy,
copper, copper-alloy or any combination of the foregoing.
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